BACKGROUND Pressure measurement for the duration of the wave-free period (WFP) is considered essential for resting-state physiological assessment of coronary stenosis severity using the instantaneous wave-free ratio (iFR).
A ssessment of the physiological severity of coronary artery disease by fractional flow reserve (FFR) is superior in guiding coronary revascularization compared with angiography-based strategies and is recommended in European and American guidelines (1, 2) based on randomized controlled clinical outcome trials (3) (4) (5) . Measurement of FFR requires administration of a vasodilatory drug (commonly adenosine) to obtain a reproducible and steady state of coronary hyperemia (3, 6, 7) , which is associated with transient and generally well tolerable symptoms, prolongation of the procedure by a few minutes, and in some countries, extra costs.
Recently, the instantaneous wave-free ratio (iFR) was introduced as an adenosine-free alternative for FFR (8) . This index is calculated as the ratio of resting distal coronary pressure (Pd) and aortic pressure (Pa) over a specific period in late diastole, the wave-free period (WFP), during which intracoronary resistance is purportedly naturally constant and minimal. The physical basis and even the existence of the WFP have been questioned (9) . Moreover, experimental data to support this theory are lacking, and previous studies have shown that both iFR and resistance during the WFP decreased markedly during adenosine infusion (10) (11) (12) . In fact, in the IDEAL (Iberian-Dutch-English) study, it was even shown that resistance during the WFP is higher than whole-cycle hyperemic resistance (13) .
Nonetheless, several clinical studies have reported that use of adenosine can indeed be avoided in a number of lesions using a hybrid approach with a dual iFR cutoff value (10, 11, 14) . Moreover, in 2 recent randomized controlled trials, an iFR-based revascularization approach using a binary cutoff value of 0.89 was noninferior with respect to a composite clinical endpoint in a low-risk population compared with an FFR-based approach (15, 16) .
In contrast to FFR, which is generic, has been granted open-access, and is not commercially restricted, iFR measurements are limited to proprietary software of 1 single vendor, curtailing clinical application and research more generally.
However, other resting indexes can be measured or calculated directly using any measuring equipment available in the catheterization laboratory. Accordingly, the aim of the current study was to compare several nonhyperemic indexes obtained during different parts of diastole or the whole heart cycle to iFR.
METHODS
This post hoc analysis was performed using the prospectively acquired hemodynamic recordings from the VERIFY2 (Pd/Pa vs iFR in an Unselected Population Referred for Invasive Angiography; NCT02377310) study; the specific details of the study have been described previously (10) .
Briefly, Pa (guiding catheter) and Pd For repeatability, all measurements were repeated after a 2-min resting period.
In addition, in this study the following diastolic indexes were pre-specified ( Figure 1 for the fact that Pd/Pa is calculated over the interval used for iFR matlab but shortened by 50 ms (period 1). (F) iFR À100ms , which is the same as iFR matlab except for the fact that Pd/Pa is calculated over the interval used for iFR matlab but shortened by 100 ms (period 2). dPR ¼ diastolic pressure ratio;
iFR ¼ instantaneous wave-free ratio; Pa ¼ aortic pressure; Pd ¼ distal coronary pressure.
van't Veer et al. Continuous variables are presented as mean AE SD or median with interquartile range (IQR) as appropriate.
Analyses were done with Matlab version R2012b. Table 2 ). ROC curves with iFR as the reference standard are shown in Online Figure 2 . Abbreviations as in Figure 1 . The negligible differences between iFR and the diastolic indexes presented in this study ( Table 1) indicate that measurements during a specific period Different periods are defined in diastole and compared with the "wave-free period." Scatterplots of the Pd/Pa ratios versus iFR for the defined diastolic periods at rest (blue) and during hyperemia (orange). All correlations between the diastolic indexes investigated and iFR were >0.99 and were not different during rest or hyperemia. AUC values from ROC analyses with iFR as a reference standard were >0.99 for all indexes, indicating essentially identical values. AUC ¼ area under the curve;
RESULTS
dPR ¼ diastolic pressure ratio (average Pd/Pa over the entire diastole); dPR 25-75 ¼ average Pd/Pa from 25% to 75% into diastole; dPR mid ¼ Pd/Pa at the single point in time at mid-diastole; iFR ¼ instantaneous wave-free ratio; iFR À50ms ¼ average Pd/Pa from 25% into diastole until 50 ms before end of diastole; iFR À100ms ¼ average Pd/Pa from 25% into diastole until 100 ms before end of diastole; iFR matlab ¼ average Pd/Pa from 25% into diastole until 5 ms before end of diastole; Pa ¼ aortic pressure; Pd ¼ distal coronary pressure; ROC ¼ receiver-operating characteristics curve. Diastolic Resting Indexes Compared With iFR VERIFY study (11) . Finally, repeatability of all indexes was equally good. Physiologically, the start of the consecutive left ventricular contraction precedes the upstroke of the aortic pressure by about 30 to 50 ms, the isovolumetric contraction period. Therefore, the end of diastole was chosen 50 ms before the upstroke of the next heartbeat.
Initially, electrocardiogram signals were used as a marker for determination of the end of diastole in the iFR algorithm. Later, some authors have described that left ventricular contraction observed in the distal coronary signal may be sufficient, making the electrocardiogram superfluous (23) . The results presented in this study, based on the aortic signal alone, show that a simple time difference of 50 or even 100 ms before the Pa upstroke yields exactly the same results.
Third, the choice for the different diastolic periods investigated was arbitrary but intuitive. Investigating the complete diastole instead of part of it is straightforward, but many other (diastolic) resting indexes perform equally well. Calculating Pd/Pa during other parts of diastole makes little difference.
Finally, the number of investigated curves to conclude that iFR and other diastolic indexes are similar is arbitrary. But, we believe that the similarity in this dataset of 250 Â 2 curves will not change when extending this comparison to thousands of curves (24) . 
CONCLUSIONS

